Principal component analysis and stepwise discriminant analysis were used to map the vegetation of the Pat Welder Ranch on the Texas Coastal Plains into 5 vegetation types based on relative frequency data of the major plant species. These 5 types were shown to be subdivisions of 2 plant communities previously reported for the area by researchers utilizing conventional mapping techniques. In addition to separating the 5 types and classifying the 140 sample points into their respective types, the technique provided a key for field separation of the types based on 3 vegetative variables, and provided indicator species values for rapid field identification of the types. The technique is presented as a means of mapping vegetation with a minimum of human bias, a maximum of repeatability and information content, and maximum applicability.
The traditional method of mapping the vegetation of an area has been for a worker to separate various locales into vegetation types, communities, or associations based on observed similarities or dissimilarities in species distributions or structure. This has the disadvantage of being based on personal subjective biases. An improvement over this "eyeballing" method can be made by the addition of quantitative data on which decisions are made; frequency, biomass, cover, trunk or stem diameter, etc. However, much of the qualitative judgement remains in deciding how the data are to be used, what constitutes sufficient differences to separate groups, and what weight should be given the various measurements.
Given the same data, but working separately, it is quite possible for 2 workers to arrive at different conclusions concerning the same area.
It would seem desirable, therefore, to develop a method of mapping vegetation, or any resource, which would minimize the personal bias of the investigator, maximize the repeatability of the results, maximize the information content, and be applicable to a maximum number of situations. Oneapproach to such a method is presented.
Description of Area
This study was conducted on the Pat Welder Ranch in San Patricia County on the Texas Coastal Plains. The area is relatively level except where intersected by creeks and rivers. The ranch is drained by intermittent streams which flow into the Aransas River 3 km to the northeast. Elevation ranges from 4 to 20 m above sea level. Thornthwaite (1948) classified the climate of the area as dry subhumid and megathermal.
Total annual precipitation for the study area averages 835 mm with a high of 1,486 mm and a low of 346 mm. The mean January minimum temperature is 8O C and the mean July high temperature is 33OC (United States Weather Bureau 1961 Godfrey et al. (1973) described the soils of the study area as poorly to moderately drained, cracking clayey soils and mostly poorly drained soils with loamy surface layers and cracking clayey subsoils. Tharp (1926 Tharp ( , 1939 placed the study area into a Coastal Prairie vegetation type, described as large stretches of level grassland, with local areas of well-developed woodland. Box( 196l) and Box and Chamrad (1966) and lakes and ponds. The Welder Wildlife Refuge borders on the Atansas Rivet and as a result has a greater complexity of plant communities than might normally be expected for an area of its size. The river bottom and associated aquatic sites account for 8 of the 16communities and do not occur in significant amounts on the Pat Welder Ranch.
Methods
During the summers of 1970 and 1973, 140 points were selected on aerial photographs of the Pat Welder Ranch by a stratified random process, with stratification based on pastures. A sample point was designated on the ground corresponding to each of the points on the photographs.
Ten 40 X 40 cm plots were located along a north-south transect from each point at 5-m intervals. and presence of all species within the plots were recorded. A grass or forb species was recorded as present if it was tooted within the frame and a brush species was recorded as present it if was either tooted in ot its canopy covered any part of the area within the plot frame. From the raw frequency data, a relative frequency value was computed for each species at each point by dividing the total number of plots, at that point, in which the species occurred by IO. The variable 'number of species' was computed by determining the total number of individual species which were found to occur in the IO-plot total at each point.
It is recognized that frequency data are not always desirable as the single criterion for vegetation mapping. The use of such in this study was the result of previous data collection in a limited time span for completion of the work. However, the mapping technique remains the same whether frequency, density, covet, biomass, or any other variable ot combination of variables is used. Before statistical analysis began, the number of species and frequency variables were reduced. All annual species and those perennial grass and fotb species which rarely occurred were eliminated from the model. The annual species were eliminated because of potential yearly and seasonal fluctuations.
The one exception was Texas broomweed (Xanthocephalum texanum), which was retained because it was so widely distributed and occurred with such high frequencies that the yearly variation was considered to be small. A total of 35 variables were then available for use in the statistical analysis: number of species, the relative frequencies for the 33 major perennial species, and the frequency of Texas broomweed.
All statistical analyses used in the mapping technique assume either a normal or a multivariate normal distribution for the variables. The univariate distributions for each of the variables were estimated by plotting the frequency classes of the values of the sum of the 140 observations.
Of the 35 potential variables, only 9 had any possibility of a normal distribution. The normality of these 9 distributions were tested by the Chi-Square Goodness of Fit Method (Snedecor and Cochran 1967) . Of these 9 variables, 6 were rejected at the 95% probability level. The three remaining were number of species, mesquite (Prosopisglandufosa) frequency, and ragweed (Ambrosiapsilostachya)
frequency. The knotroot bristlegrass (Setariageniculata) frequency variable was a marginal rejection. A shift of only one value out of the 140 (an 8 to a 7 or less) would have been sufficient to keep from rejecting the null hypothesis. Consequently, the bristlegrass frequency variable was not eliminated from the model; the advantage of increasing the variables to 4 was considered to outweigh the disadvantage of the slight deviation from a normal distribution.
It should be recognized that the fact that the distributions of the 4 variables can be estimated to be normal (or nearly so) does not indicate that their combined distribution is multivariate normal. It does, however, increase the probability.
Once the model was reduced to contain only variables approximately normally distributed, 2 procedures remained: (I) to separate the I40 locations (samples) into p significantly different groups, and (2) to describe these p groups and test the classification of the 140 locations. Principal component analysis (BMD-OIM, Dixon 1973) was used for the original classification of the 140 locations into groups. Principal component analysis is a multivariate technique that was used in this procedure to accomplish two goals: reduce the sample variables (some of which are often significantly correlated) into a smaller set of independent linear combinations (the principal components) in such a manner as to maximize the variance between these combinations, and secondly to initially separate the observations into groups. This first goal results in information content being maximized and correlation minimized. The second goal is required as a result of the fact thatdiscriminant analysis requires an initial grouping of the observations. Basing this initial grouping on principal component analysis reduces a major source of human bias. Overall and Klett (1972) suggested that principal component analysis be used where the aim is to describe differences between observations in a heterogeneous sample in terms of a relatively few composite variables. Seal (1964) listed a number of limitations to the use of principal components and these should be considered before the method is applied, with alternative methods utilized if required. Perhaps the most important of these limitations is that if the off-diagonal elements of the correlation matrix are approximately equal, then the interpretive value of a principal component analysis of this matrix is questionable (Seal 1964) .
The 140 locations were plotted on a 2-dimensional graph on the basis of their respective values of the first 2 principal components, with the first principal component plotted along the Xaxisand the second along the Y axis. These two components accounted for 61 yc of the total variance.
The maximum number of groups which can be separated by discriminant analysis is one more than the number of variables used. Since there were only 4 vegetation variables remaining in the model, the graph of the results of the principal component analysis was divided into 5 equal areas, each area corresponding to one group. The 5 groups were: (I) those points nearest zero for both principal components, (2) those points with a high positive value for component Ye and a high negative value for component Yl, (3) those points with a high positive value for both components, (4) those points with a high positive value for component Y1 and a high negative value for component Yz, and (5) those points with a high negative value for both components.
This method can be compared with the 9 group separation used by Overall and Klett (I 972).
It should be repeated that the maximum number of initial groups is bounded by the number of variables used in the analysis and the division of the graph is in turn dependent on this number. Once the graph was divided into the 5 segments, each of the 140 locations was assigned to one of the 5 groups on the basis of its location on the graph. These 5 groups were then entered into a stepwise discriminant analysis(BMD-07M, Dixon 1973) . Discriminant analysis was used to achieve 3 goals: (I) test for significant differences between the initial groups, (2) final classification of the observations into their respective groups, and (3) description of the groups based on the original sample variables. The group descriptions provided measurements of relative similarities between groups, means and variances of the variables within each group, and those variables and their values most useful in group separation and classification of new observations (i.e., indicator species). The significance of the differences between the groups was based on the matrix of F-statistics testing the equality of means between each pair of groups and the classification of individuals was based on the square of the Mahalanobis distance from each group. The discriminant analysis was considered complete when all groups were significantly different from each other (95% level) and all locations were in the propergroups based on minimum Mahalanobis D2.
Upon the final iteration of the discriminant analysis, each group was considered to be a vegetation type, characterized by those species (regardless of distribution) which had the highest frequency values for that group. Each location classified into that type was located on a map of the Pat Welder Ranch. The boundary lines between the types were drawn on the basis of observable differences on aerial photographs between the plotted locations (Fig. 1) .
Results and Discussion
The general aspect of the vegetation of the study area is a Mesquite-mixed brush community. Any subdivision of this general classification is based on species variation in the mixed brush and understory components. This was accomplished by the discriminant analysis. Five significantly different (95% probability level) vegetation types were separated and characterized on the basis of the variables entered. The 5 types and the values of the species with largest frequency values are summarized in Table 1 .
Two possible methods for determining the similarities between the types are F-values and Mahalanobis D* values, both taken from the discriminant analysis and presented in Table 2 . From these values and the two-dimensional presentation in Figure 1 , Types 1 and 2 appear to be most similar, followed by Type 4. Types 3 and 5 are most dissimilar. Types I, 2, 3. and 4 are apparently subdivisions of the chaparral-bristlegrass community reported by Box and Chamrad (1966) . Overstory vegetation is composed primarily of mesquite and blackbrush (Acacia rigidulu), with various additional overstory species. Understory composition is variable depending on which of the 4 types is studied. Type 5 appears to be similar to the huisache-buffalograss community of Box and Chamrad (1966) with mesquite density greatly increased.
The first canonical variable of the discriminant analysis had an eigenvalue of 4.85 and accounted for 68% of the total dispersion of the observations. This variable was primarily composed of a combination of the ragweed and bristlegrass frequency variables. The second canonical variable consisted of bristlegrass-ragweed contrast and had an eigenvalue of I .90, and when combined with the first canonical variable, accounted for 95% of the total dispersion. Figure 2 presents the means of the 5 types as plotted against the first 2 canonical variables. The confidence intervals shown are based only on the variance of the first variable. From thisdata, it is apparent that Type 3 and Type 5 are separated from the remaining 3 types on the basis of high bristlegrass and ragweed frequencies (Type 3) or low bristlegrass and ragweed frequencies (Type 5). The second canonical variable then separates the remaining 3 types on the basis of a bristlegrass-ragweed contrast. Type 2 has a high ragweed frequency but a low bristlegrass frequency, Type 5 a high bristlegrass and low ragweed frequency, and Type 1 is intermediate in ragweed but low in bristlegrass. The third canonical variable corresponded to a ragweed vs. (mesquite -I-species number -I-bristlegrass) contrast, had an eigenvalue of 0.34, and accounted for 99% of the dispersion when combined with the first 2 variables. The fourth canonical variable was primarily the mesquite frequency variable and had an eigenvalue of 0.04. The equations of the 4 canonical variables were: o-50 The low eigenvalues for the third and fourth canonical variables with the corresponding ability of the 2-variable model to account for 95% of the dispersion suggests that the species number and mesquite frequency variables could be eliminated from the model. The approximate F-value however, indicates significance at the 95% level for even the fourth variable, mesquite frequency.
The preceding analysis allows for the following key for the classification of an observation into 1 of the 5 vegetation types based on the 4 variables.
A. Western ragweed frequency less than 50% B. Knotroot bristlegrass frequency less than 25% Table 4 presents a general summary of the frequency values expected to occur for the major species of each of the 5 types, based on the confidence intervals of the means. In addition, 2 classes of indicator species values are presented for the types. The Class 1 values hold true for every location classified into the respective type, i.e., no location can be a given type without meeting these values for that type. The converse, however, is not necessarily true, i.e., a location of a specific type may also meet the Class 1 criteria of another type. Class 11 values hold true only for the specific type listed, e.g., no Type 2 location fits the Class 11 criteria of any other type. Again, the converse is not necessarily true. A location of a given type may exist without meeting the Class 11 indicator values for that type. The usefulness of the indicator values is in rapid identification of an area into its respective vegetation type. If an investigator believes he is in an area of a given type, it must at least fit the Class 1 values. If it also fits the Class II values, it can be validated as that type.
As indicated by the data in Table 3 and Figure 1 , Types I and 2 are most similar. Both have overstories dominated by mesquite, with blackbrush the only other major overstory species, and an understory composed primarily of forbs, with bristlegrass frequency being relatively low. Type 2 appears to be the more developed of the two. The overstory is more complex and more dense. Mesquite frequency increases and huisache (Acacia farnesiana) and granjeno (Celris pallida) become major components. Blackbrush and huisache were shown by the discriminant analysis to be significantly negatively correlated. Grasses also increase in importance in Type 2, with 3 species becoming major components. The increase in huisache frequency and the frequencies of the 3 grass species suggest improved soil moisture conditions for Type 2 as compared to Type I. Livestock grazing might also have contributed to the differences, with Type I being a more severely grazed phase of Type 2.
Types 4 and 5 are the next most similar types, with similar differences as were shown for Types 1 and 2. The overstory of Type 4 is composed of similar amounts of mesquite and blackbrush, with some huisache. In Type 5, blackbrush frequency decreases to the level of huisache. This may also indicate improved moisture conditions for Type 5. Observations over large areas of South Texas and northeastern Mexico indicate that as sites become drier, often because of a decrease in soil depth, blackbrush increases in density. Bristlegrass is the most frequent understory species in Type 4, and buffalograss (Buchloe dactyloides) is of much lower density. The opposite is true for Type 5, buffalograss is the most frequent grass species and bristlegrass is a minor component. The frequency ranking of the forb species is also reversed for the two types.
Type 3 is the most distinct of any of the 5 types. It has mesquite and blackbrush as major overstory species and ragweed and bristlegrass as major understory species, as does Type 4. This may indicate that Type 3 is a development of Type 4, further developing those differences which separated Type 4 and Type 5. The ragweedbristlegrass understory structure is most developed within Type 3. Two suggestions will be made for the further development of the vegetation map of the Pat Welder Ranch. First the map should be checked and revised on the basis of additional ground reconnaissance to check the accuracy of the boundary lines, and data should be collected at additional locations to check the accuracy of the types. Secondly, it would seem advantageous to resample the present 140 locations at future intervals, e.g., every 5 years. This would provide a measure of vegetation change over time. New maps and perhaps new types could be developed at each time interval for purposes of comparison. This mapping system has made no assumptions as to what the potential, original, or climax vegetation of the study area is or was. It simply maps what is now there. A time series of such maps, perhaps covering more area than just the ranch, would seem to be useful in understanding the vegetation dynamics of the central Texas coast. Literature Cited
